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0 Microprocessor incorporating cache memory enabling efficient debugging. 



0 In a microprocessor incorporating an instruction 
cache (13), information regarding whether or not a 
branch instruction is executed and information re- 
garding whether or not a branch is established are 



output to the exterior. Even when the instruction 
cache (13) is hit a trace of instructions can be 
carried out by using such information. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a microproces- 
sor incorporating a cache memory, enabling effi- 
cient debugging in the development of systems or 
programs, and a trace system therefor. 

Description of the Related Art 

In the development of systems or programs for 
a microcomputer, there are three-levels of debug- 
ging methods: a trace method, a trap method, and 
a single-step method. 

(1) Trace Method 

Information showing an execution location of a 
program is collected and assembled to acknowl- 
edge the sequence of execution of the program. 
Otherwise, information regarding access of mem- 
ory operands is collected and assembled to ac- 
knowledge the sequence of access of the memory 
operands. Such information is generally construct- 
ed by an address signal, a data signal, and a status 
signal which can be observed at external terminals 
of the microprocessor for a bus cycle. 

Thus, since the above-mentioned information 
can be external to the microprocessor, a trace 
function can be realized without adding a special 
function to the microprocessor. Also, since it is 
unnecessary to generate an interrupt or exception 
to interrupt the execution of a program to be de- 
bugged, or it is unnecessary to wait for a special 
bus cycle for the execution of a program to be 
debugged, the timing in a debug state is the same 
as the timing in a non-debug state. 

This trace method is, therefore, a passive 
method for simply observing the state of a program 
to be debugged, since a specific state is not de- 
tected to interrupt the execution of the program. 

(2) Trap method 

When access of an instruction code or a mem- 
ory operand occurs at a predetermined special 
location (address), the control is transferred to a 
debugging program which is called a debugger, 
thereby carrying out a detailed debugging process. 

As is different from the trace method, at only 
required timings, the control is transferred to the 
debugger. Therefore, a hardware mechanism, gen- 
erally called a trap interrupt mechanism, is required 
to accurately generate an interrupt/exception imme- 
diately before or immediately after the execution of 
an instruction code having a preset address. As a 
result, the trap method cannot always be realized. 



Also, it is required to accurately know the se- 
quence of a program. Further, if the control is not 
trapped by a predetermined trap, for example, if a 
program has overrun before being trapped by the 
5 trap, the execution of the program cannot be inter- 
rupted. 

(3) Single-step method 

io Every time one instruction is carried out, the 

control is transferred to a debugger, thereby dis- 
playing an internal state of the microprocessor 
such as a state of a general register, a processor 
status word (PSW) f a state of a program counter 

is (PC) and the like, and changing a part of these 
states, to process the program. Thus, since the 
internal state of the microprocessor is recognized 
every time one instruction is carried out, the proce- 
dure of the program can be precisely recognized. 

20 Thus, in the single-step method, every time the 
microprocessor carries out one instruction, the con- 
trol is transferred to the debugger. Therefore, a 
hardware mechanism, generally called a single- 
step interrupt mechanism, is required to generate 

25 an interrupt/exception at the timing of the execution 
of every instruction. As a result, the single-step 
method cannot always be realized. Further, since 
the control is transferred to the debugger at the 
execution of each instruction, 

30 i) the efficiency of execution of the program is 
low; 

ii) it is impossible to debug a timing-critical 
process such as a time interrupt routine; and 

iii) the timings of the internal operation in a 
35 debug state is quite different from these in a 

non-debug state. 

As stated above, since the three debugging 
methods have advantages and disadvantages, use 
is generally made of a combination of the debug- 

40 ging methods. 

For example, firstly, an actual sequence of 
instructions are recognized by the trace method. 
Secondly, when the control is in proximity to a 
location (address) where a problem occurs, the 

45 control is transferred by the trap method to the 
debugger. Finally, the execution state of instruc- 
tions is followed in detail by the single-step meth- 
od. 

Thus, the trace method is an indispensible for 
so effectively debugging a system or program. 

In a microprocessor incorporating a cache 
memory, when an instruction to be executed is not 
registered in the cache memory (hereinafter re- 
ferred to as a "miss-hit"), this miss-hit instruction is 
55 fetched from an external memory, so that no prob- 
lem at all occurs in carrying out the trace method. 
However, when an instruction to be executed is 
registered in the cache memory (hereinafter, re- 
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f erred to as a "hit"), information including this hit 
instruction is not leaked into the exterior of the 
microprocessor, so that it is impossible to carry out 
the trace method, which will be later explained in 
detail. 

Note that, in order to completely carry out the 
trace method, there may be a method where the 
cache memory is deactivated during a trace mode, 
thereby observing all of the fetched instructions 
from the exterior of the microprocessor. In this 
case, however, since the operation of the micropro- 
cessor during a trace mode is different from that 
during an actual operation mode, accurate debug- 
ging is impossible. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
vide a microprocessor incorporating a cache mem- 
ory, which enables an efficient trace method. 

Another object of the present invention is to 
provide a trace system for a microprocessor incor- 
porating a cache memory. 

According to the present invention, in a micro- 
processor incorporating an instruction cache, in- 
formation regarding whether or not a branch in- 
struction is executed and information regarding 
whether or not a branch is established are output to 
the exterior. Therefore, even when the instruction 
cache (13) is hit, a trace of instructions can be 
carried out by using such information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly un- 
derstood from the description as set forth below, 
compared with the prior art, with reference to the 
accompanying drawings, wherein: 

Fig. 1 is a block circuit diagram illustrating a 
prior art microprocessor incorporating a cache 
memory; 

Rg. 2 is a block circuit diagram illustrating a 
prior art trace system for the microprocessor of 
Fig. 1; 

Rg. 3 is a block circuit diagram illustrating a first 
embodiment of the microprocessor according to 
the present invention; 

Rg. 4 is a detailed block circuit diagram of the 

instruction cache of Rg. 3; 

Rg. 5 is a detailed block circuit diagram of the 

bus control unit of Fig. 3; 

Rg. 6 is a diagram showing an example of 

instruction code used in the microprocessor of 

Rg- 3; 

Rg. 7 is a block circuit diagram illustrating a 
trace system for the microprocessor of Rg. 3; 
Rg. 8 is a detailed block circuit diagram of the 
trace analyser of Rg. 7; 



Fig. 9 is a flowchart showing the operation of the 
tracer of Fig. 7; 

Rg. 10 is a diagram showing a trace trap pro- 
cess operated in the microprocessor of Rg. 3; 
5 Fig. 1 1 is a flowchart showing the operation of 
the tracer of Rg. 7; 

Fig. 12 is a block circuit diagram illustrating a 
second embodiment of the microprocessor ac- 
cording to the present invention; 

w Rg. 13 is a diagram showing the output of the 
status encoder of Rg. 12; 
Rg. 14 is a detailed block diagram of the trace 
analyser for the microprocessor of Rg. 12; 
Fig. 15 is a block circuit diagram illustrating a 

75 third embodiment of the microprocessor accord- 
ing to the present invention; 
Rg. 16 is a detailed block circuit diagram of the 
instruction cache of Rg. 15; 
Rg. 17 is a block circuit diagram illustrating a 

20 trace system for the microprocessor of Rg. 15; 

Fig. 18 is a detailed block circuit diagram of the 
trace analyser of Rg. 17; 
Rg. 19 and 20 are flowcharts showing the op- 
eration of the tracer of Rg. 17; 

25 Rg. 21 is a block circuit diagram illustrating a 
fourth embodiment of the microprocessor ac- 
cording to the present invention; 
Fig. 22 is a diagram showing the output of the 
status encoder of Rg. 21 ; 

30 Fig. 23 is a detailed block circuit diagram of the 
trace analyser for the microprocessor of Rg. 21. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

35 

Before the description of embodiments of the 
present invention, a prior art microprocessor and a 
trace system therefor will be explained with refer- 
ence to Rgs. 1 and 2. 

40 In Rg. 1 , which illustrates a prior art micropro- 

cessor, a microprocessor 1 includes an instruction 
decoder (IDU) 11 for decoding an instruction code 
from an instruction cache (l-CACHE) 12 to generate 
various control signals and transmit them to an 

45 execution unit (EXU) 13. As a result, the execution 
unit 13 carries out various processes in accordance 
with the control signals. Simultaneously, the execu- 
tion unit 13 generates an address of an instruction 
to be executed next and transmits it to the instruc- 

50 tion cache 12. Otherwise, the execution unit 13 can 
generate an address of an instruction and transmit 
it via an internal address bus IAB to a bus control 
unit (BCU) 14, so that this address is transmitted 
via an external address bus AB to an external 

55 memory which is not shown in Rg. 1, but is in- 
dicated by reference numeral 2 in Fig. 2. In this 
case, the bus control unit 14 generates a status 
signal indicating an instruction fetch cycle and 
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transmits it to a status signal line ST, and as a 
result, the external memory 2 is accessed by using 
the above-mentioned address. Then, an instruction 
code from the external memory 2 is received by 
the bus control unit 14 via an external data bus DB, 
and is written via an internal data bus IDB into the 
instruction cache 12. 

In Fig. 2, which illustrates a prior art trace 
system for the microprocessor 1 associated with 
the external memory 2, a trace 3 includes a tracer 
analyser 31 and a trace memory 32. The trace 
analyser 31 monitors the status signal line ST so 
as to detect an instruction fetch cycle. The trace 
memory 32 receives trace addresses from the 
trace analyser 31 and forms a trace of instructions 
therein. 

First, the operation of the tracer 3 where the 
instruction cache 12 is not operated is explained 
below. That is, when an instruction fetch request 
occurs in the microprocessor 1 , the microprocessor 
1 initiates an instruction fetch cycle to generate a 
status signal indicating such a cycle at the status 
signal line ST and an address of an instruction to 
be fetched at the external address bus AB. In this 
state, when the trace analyser 31 detects such an 
instruction fetch cycle, the trace analyser 31 gen- 
erates a strobe signal SR and transmits it to the 
trace memory 32, so that addresses on the exter- 
nal address bus AB generated for the instruction 
fetch cycle are written into the trace memory 32. 
Thus, all of the addresses of instructions executed 
by the microprocessor 1 are recorded in the trace 
memory 32, thereby forming a trace of instructions. 

Next, the operation of the tracer 3 where the 
instruction cache 12 is operated is explained. 

Also in this case, the execution unit 13 gen- 
erates an address of an instruction and transmits it 
to the instruction cache 12. When the above-men- 
tioned instruction is not registered in the instruction 
cache 12 (i.e., "miss-hit"), the instruction cache 12 
requests a fetch of this miss-hit instruction to the 
bus control unit 14. Then, the bus control unit 14 
generates a status signal for initiating a replace 
cycle at the status signal line ST and simulta- 
neously, generates the address of the miss-hit in- 
struction at the external address bus AB. As a 
result, a code of the miss-hit instruction is read out 
of the external memory 2 and is registered in the 
instruction cache 12. Also, the miss-hit instruction 
code is supplied from the instruction cache 12 to 
the instruction decoder 11. Also in this case, since 
the trace analyser 31 detects an instruction fetch 
cycle at the status signal line ST, a trace of instruc- 
tions can be formed in the trace memory 32, 
thereby carrying out a trace method. 

Conversely, when the above-mentioned instruc- 
tion is registered in the instruction cache 12 (i.e., 
"hit"), the instruction cache 12 immediately trans- 



mits a code of the hit instruction to the instruction 
decoder 11. Therefore, in this case, since the 
microprocessor 1 does not generate any external 
signals, the tracer 3 cannot carry out a trace meth- 
5 od. 

In Fig. 3, which illustrates a first embodiment of 
the microprocessor according to the present inven- 
tion, reference numeral 15 designates an OR circuit 
for detecting a static branch instruction SI and a 

ro dynamic branch instruction Dl. Note that, if a static 
branch instruction SI is executed to establish a 
branch, the control is transferred to its branched 
destination which is, in this case, determined in 
advance. On the other hand, if a dynamic branch 

is instruction Dl is executed to establish a branch, the 
control is also transferred to its branched destina- 
tion which, however, cannot be statically calculated 
or determined in advance. An example of a dy- 
namic branch instruction is a register indirect 

20 branch instruction. Thus, the OR circuit 15 gen- 
erates a detection signal Si for detecting a branch 
instruction to be executed, and transmits it directly 
to the exterior of the microprocessor 1 . 

Also, reference numeral 16 designates an inter- 

25 rupt detection unit for detecting a dynamic branch 
instruction, an internal interrupt from the execution 
unit 13 and an external interrupt. 

The execution unit 13 includes an operational 
unit 131 for generating an internal interrupt, a 

30 branch address generator 132 for generating a 
branched destination (address), an interrupt ad- 
dress generator 133 for generating an interrupt 
address, and a branch condition determining unit 
134 for determining whether or not a branch is 

35 established as a result of execution of a branch 
instruction. That is, when a branch is established, a 
selector 135 selects a branched address and trans- 
mits it as an instruction address to the instruction 
cache 12. Also, when an interrupt occurs, the se- 

40 lector 135 selects an interrupt address and trans- 
mits it as an instruction address to the instruction 
cache 12. Conversely, when a branch is not estab- 
lished and no interrupt occurs, the selector 135 
selects the output of a +1 incrementor 136 and 

45 transmits it to the instruction cache 12. The +1 
incrementor 136 increments the output of the se- 
lector 135 by +1, thereby enabling a sequential 
access. 

Also, the branch condition determining unit 134 
so generates a branch establishment/non-establish- 
ment signal S2 for determining whether or not a 
branch is established as a result of execution of a 
branch instruction, and transmits it directly to the 
exterior of the microprocessor 1 . 
55 Further, the execution unit 13 includes a data 

register 137 connected to the operational unit 131, 
the branch address generator 132, the interrupt 
address generator 133 and the branch condition 
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determining unit 134, and a data access control 
unit 138 connected between the data register 137 
and the bus control unit 14. 

Further, if the interrupt detection unit 16 de- 
tects a dynamic branch instruction, a trace trap 
process is initiated. For example, first, the content 
of the program counter (PC) and the program sta- 
tus word (PSW) (not shown) are retired. Next, since 
the interrupt detection unit 16 generates an inter- 
rupt and transmits it to the interrupt address gener- 
ator 133, and simultaneously, the selector 135 se- 
lects the output of the interrupt address generator 
133, thereby fetching a trace trap program, in this 
case, a trace for this fetch access is not carried 
out. Then, the instruction cache 12 is flushed, i.e., 
cleared out. Finally, the dynamic branch instruction 
is again executed. In this case, when the branch 
condition determining unit 134 determines that a 
brach is established, the banched destination 
(address) of the branched address generator 132 is 
selected by the selector 135, so that the control 
jumps to the branched address. In this case, since 
the instruction cache 12 is notvalid, and accord- 
ingly, the instruction cache 12 is always miss-hit, a 
trace of this branched address is carried out. 

In Fig. 4, which is a detailed block circuit 
diagram of the instruction cache 12 of Fig. 3, the 
instruction cache 12 includes a tag portion 121 and 
a data portion 1 22 which are simultaneously acces- 
sed by lower bits LB of an instruction address 
supplied from the execution unit 13. In this case, 
the tag portion 121 stores higher bits HB of instruc- 
tion addresses, while the data portion 122 stores 
instruction codes each of which is indicated by an 
instruction address combined by lower bits LB of 
an instruction address from the execution unit 13 
and higher bits HB stored in the tag portion 121. In 
this case, higher bits HB of an instruction address 
from the execution unit 13 do not always coincide 
with higher bits HB of the tag portion 121. There- 
fore, when higher bits HB of an instruction address 
from the execution unit 13 coincide with higher bits 
HB of the tag portion 121 accessed by the lower 
bits LB of the instruction address from the execu- 
tion unit 13, it can be said that the instruction 
cache 12 is "hit". Conversely, when higher bits HB 
of an instruction address from the execution unit 13 
do not coincide with higher bits HB of the tag 
portion 121 accessed by the lower bits LB of the 
instruction address from the execution unit 13, rt 
can be said that the instruction cache 12 is "miss- 
hit". 

In order to determine whether the instruction 
cache 12 is hit or miss-hit, a comparator 123 is 
provided for comparing the higher bits HB from the 
execution unit 13 with those from the tag portion 
121. The hit/miss-hit signal of the comparator 123 
is supplied to a cache control unit 124. When the 



instruction cache 12 is hit, the cache control unit 
124 generates a control signal and transmits it to a 
selector 125, and therefore, the selector 125 se- 
lects the output of the data portion 122. As a result, 

5 an instruction code is supplied from the data por- 
tion 122 to the instruction decoder 11. Conversely, 
when the instruction cache 12 is miss-hit, the 
cache control unit 124 generates an instruction 
access request and transmits it to the bus control 

w unit 14, and simultaneously, the cache control unit 
124 controls a latch and gate circuit 126 to pass 
the instruction address from the execution unit 13 
to the bus control unit 14. Therefore, the bus 
control unit 14 initiates a replace bus cycle to fetch 

75 an instruction code from the external memory 2 
(see Fig.7), and as a result, this fetched instruction 
code is written into the data portion 122. Simulta- 
neously, the cache control unit 124 controls the 
selector 125 to select the internal data bus IDB, 

20 thereby passing the instruction code therethrough 
to the instruction decoder 11. 

In Fig. 5, which is a detailed block circuit 
diagram of the bus control unit 14 of Fig. 3, the bus 
control unit 14 includes a data buffer 141 irrter- 

25 posed between the internal data bus IDB and the 
external data bus DB and an address buffer 142 
interposed between the internal address bus IAB 
and the external address bus AB. The address 
buffer 142 also receives the instruction address 

30 from the instruction cache 12. Both of the buffers 
141 and 142 are controlled by a bus access control 
unit 143 which receives a control signal from the 
data access control unit 138 of the execution unit 
13 and a control signal from the instruction cache 

35 12. Also, the bus access control unit 143 generates 
a status (ST) signal, a write/read (W/R) signal and 
the like. 

in Pig. 6, which shows an example of the 
instruction code used in Fig. 3, the instruction code 
40 is formed by a functional field and a register des- 
ignating field. Also, the functional field is formed by 
a static branch bit, a dynamic branch bit and the 
like. 

Next, a trace system for the microprocessor 1 
45 of Fig. 3 will be explained with reference to Figs. 7 
and 8. 

As illustrated in Fig. 7, the trace analyser 31 
receives a detection signal Si and a branch 
establishment/non-establishment signal $2 from the 

50 microprocessor 1 , which is different from Fig. 2. As 
a result, the trace analyser 31 is constructed as 
illustrated in Fig. 8. 

In Fig. 8, a trace control unit 311 receives a 
detection signal Si from the microprocessor 1 and 

55 a control signal from a status decoder 313 to 
generate a strobe signal SR indicating the initiation 
of a trace, to generate a strobe signal SR. For 
example, when a status signal at the status signal 
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line ST indicates a bus cycle for an instruction 
access, the status decoder 313 generates such a 
control signal. 

Also, in Rg. 8, a flow analysis unit 312 receives 
a branch establishment/non-establishment signal 
S2 from the microprocessor 1. The flow analysis 
unit 312 stores therein analysed flow data such as 
a first address of a block in advance of the execu- 
tion of a program. Also, the flow analysis unit 312 
generates an address of a new block by using the 
branch establishment/non-establishment signal S2 
and the address of a latch circuit 314, and trans- 
mits it as a trace address to the trace memory 32. 
Simultaneously, the content of the latch circuit 314 
is renewed by the flow analysis unit 312. 

Here, note that a "block" means a group of 
instructions which can be sequentially executed. In 
other words, no branching and no confluence oc- 
curs within one block. 

The operation of a combination of the trace 
control unit 311 and the flow analysis unit 312 will 
be clearly understood from Figs. 9, 10 and 11. 

In Rg. 9, it is assumed that a branch instruc- 
tion includes only a static branch instruction where 
a branched destination (address) can be calculated 
or determined in advance. 

Referring to Rg. 9, at step 901 , it is determined 
whether or not a branch instruction is executed in 
accordance with the detection signal Si . Only if a 
branch instruction is executed, does the control 
proceed to step 902. Otherwise, the control returns 
to step 901. 

At step 902, it is determined whether or not 
there is a bus access cycle such as an instruction 
access and a cache replace cycle in accordance 
with the output of the status decoder 313. As a 
result, when there is a bus access cycle, the con- 
trol proceeds to step 904 which carries out a usual 
trace. That is, an instruction address is read out of 
the external address bus AB and is transmitted as 
a trace address to the trace memory 32. In this 
case, the trace control unit 31 generates a strobe 
signal SR and, simultaneously, operates the latch 
circuit 314. Otherwise, the control proceeds to step 
903. 

At step 903, it is determined whether or not a 
branch is established in accordance with the 
branch establishment/non-establishment signal S2. 
If a branch is not established, the control proceeds 
to step 905, while if a branch is established, the 
control proceeds to step 906. 

At step 905, a trace of a first address of the 
next block is executed. That is, as stated above, 
since the flow analysis unit 312 analyses the flow 
of instructions can be calculated or determined in 
advance, the flow analysis unit 312 recognizes a 
first address of each block in advance. Therefore, 
in this case, when the flow analysis unit 312 re- 



ceives the signal S2 indicating that a branch is not 
established, the flow analysis unit 312 generates a 
first address of the next block and transmits it as a 
trace address via the latch circuit 314 to the trace 

5 memory 32. 

At step 906, a trace of a first address of a 
branched block is executed. That is, when the flow 
analysis unit 312 receives the signal S2 indicating 
that a branch is established, the flow analysis unit 

10 312 generates a first address of a branched block 
which includes a branched destination (address) 
and transmits it as a trace address to the trace 
memory 32. 

The control at step 904, 905 or 906 returns to 

75 step 901. 

Next, it is assumed that a branch instruction 
also includes a dynamic branch instruction where a 
branched destination (address) cannot be calcu- 
lated or determined in advance. In this case, in the 

20 microprocessor 1 of Rg. 3, when a dynamic branch 
instruction such as a register indirect instruction is 
executed, the control jumps to a trace trap routine 
(process) as shown in Rg. 10, to output a branched 
destination (address) to the external address bus 

2s AB. Therefore, the trace analysis unit 312 of the 
tracer 31 analyses the branched destination and 
stores it therein. In this case, the combination of 
the trace control unit 31 1 and the flow analysis unit 
312 operates as shown in the flowchart of Rg. 11. 

30 In Rg. 11, steps 1101 and 1102 are added to 

Rg. 9. That is, when it is determined at step 903 
that a branch is established, the control proceeds 
to step 1101 which determines whether or not a 
trace trap process is carried out in the micropro- 

35 cesser 1 in accordance with the output of the 
status decoder 313. When it is determined that a 
trace trap process is not carried out, the control 
proceeds to step 906 which carries out a trace of a 
first address of the next block. Conversely, when it 

40 is determined that a trace trap process is carried 
out, the control proceeds to step 1 1 02. 

At step 1102, the flow analysis unit 312 gen- 
erates the branched destination (address) which is 
already stored during the trace trap process, and 

45 transmits it as a trace address via the latch circuit 
314 to the trace memory 32. 

In Rg. 11, note that after it is determined at 
step 903 that a branch is established, it is possible 
to first carry out a trace of a first address of a 

50 branched block, and then to replace it with a trace 
of an address output by a trace trap process upon 
detection of execution there of. 

In Rg. 12, which illustrates a second embodi- 
ment of the microprocessor according to the 

55 present invention, a status encoder 17 is added to 
the elements of Rg. 3. The status encoder 17 is 
used for supplying the detection signal Si and the 
branch establishment/non-establishmentsignal S2 to 



6 



11 



EP 0 569 987 A1 



12 



the status signal line ST. As a result, if a tracer is 
constructed for the microprocessor 1 of Fig. 12, no 
special connections are required between the 
microprocessor 1 and the tracer 3. Therefore, a 
trace system can be constructed by a configuration 
similar to that illustrated in Fig. 2. 

The status encoder 1 7 can be constructed by a 
logic gate circuit to generate four bits ST3, ST2, 
ST1 and STO as shown in Fig. 13. Also, the trace 
analyser 31 can be constructed by a circuit as 
illustrated in Fig. 14. That is, in Fig. 14, a status 
decoder 313' decodes the four status bits ST3, 
ST2, ST1 and STO to generate decoded signals 
and transmits them to the trace control unit 311, 
the flow analysis unit 312, and the latch circuit 314. 
In this case, the combination of the trace control 
unit 311 and the flow analysis unit 312 of Fig. 14 
operates in the same way as those of Fig. 8, i.e., 
as shown in Figs. 9 and 11. 

In Ftg. 15, which illustrates a third embodiment 
of the microprocessor according to the present 
invention, a cache control register 18 is added to 
the elements of Fig. 3. The cache control register 
18 is connected to the internal data bus IDB, there- 
by determining whether or not to activate the in- 
struction cache 12. That is, the cache control regis- 
ter 18 generates a cache ON and OFF signal S3 
which is transmitted to the exterior and simulta- 
neously, to the instruction cache 12. 

When the cache control register 18 generates 
a cache ON signal S3 for activating the instruction 
cache 12, the instruction cache 12 is activated. In 
this case, when the instruction cache 12 is hit, the 
instruction cache 12 generates an instruction code 
and transmits it to the instruction decoder 11. Con- 
versely, when the instruction cache 12 is miss-hit, 
the instruction cache 12 generates a fetch request 
with a miss-hit instruction address and transmits it 
to the bus control unit 14. 

On the other hand, when the cache control 
register 18 generates a cache OFF signal S3 for 
deactivating the instruction cache 12, the instruc- 
tion cache 12 is deactivated. In this case, even 
when the instruction cache 12 is hit, the instruction 
cache 12 generates a fetch request with a hit 
instruction address and transmits it to the bus 
control unit 14. 

In Fig. 16, which is a detailed block circuit 
diagram of the instruction cache 12 of Rg. 15, a 
cache ON and OFF signal S3 of the cache control 
register 18 is supplied to the cache control unit 
124. When the cache control register 18 generates 
a cache ON signal Ss for activating the instruction 
cache 12, the cache control unit 124 operates in 
the same way as in Rg. 4. Conversely, when the 
cache control register 18 generates a cache OFF 
signal S3 for deactivating the instruction cache 12, 
the cache control unit 124 generates a fetch re- 



quest with an instruction address from the latch 
circuit 126, in spite of the hit/miss-hit output of the 
comparator 123. Also, in this case, the cache con- 
trol unit 124 operates the selector 125 so as to 

5 select the internal data bus IDB. 

In Rg. 17, which illustrates a trace system for 
the microprocessor 1 of Rg. 15, the cache ON and 
OFF signal S 3 of the microprocessor 1 is supplied 
to the trace anaJyser 31 , which is different from Rg. 

10 6. As a result, the trace analyser 31 further in- 
cludes two AND circuits 315 and 316 as illustrated 
in Fig. 18. That is, when the cache ON and OFF 
signal S3 indicates "1 B (cache ON state), the AND 
circuits 315 and 316 are enabled to pass the two 

75 signals Si and S2 therethrough, so that the trace 
analyser 31 operates in the same way as in Rg. 8. 
Conversely, when the cache ON and OFF signaJ S3 
indicates "0" (cache OFF state), the AND circuits 
315 and 316 are disabled, and the combination of 

20 the trace control unit 31 1 and the flow analysis unit 
312 carries out a conventional trace. Because, in 
this case, the microprocessor 1 of Rg. 15 serves 
as a microprocessor without a cache, and there- 
fore, all of the instruction accesses are output to 

25 the exterior of the microprocessor 1 . 

Assume that a branch instruction includes only 
a static branch instruction, then the combination of 
the trace control unit 311, the flow analysis unit 312 
and the AND circuits 315 and 316 of Rg. 18 is 

30 operated as shown in Rg. 19. In Fig. 19, a step 
1901 is added to Rg. 9. That is, at step 1901, it is 
determined whether the instruction cache 12 is 
activated (ON) in accordance with the cache ON 
and OFF signal S3. As a result, when the instruc- 

35 tion cache 12 is deactivated (OFF), the control 
proceeds to step 904 which carries out a usual 
trace. Conversely, when the instruction cache 12 is 
activated (ON), the control proceeds to step 901 
and therefore, the same operation as in Rg. 9 is 

40 carried out. 

Also, assuming that a branch instruction in- 
cludes a static branch instruction and a dynamic 
branch instruction, then the combination of the 
trace control unit 311, the flow analysis unit 312 

45 and the AND circuits 315 and 316 of Rg. 18 is 
operated as shown in Rg. 20. In Fig. 20, a step 
2001 is added to Rg. 11. That is, at step 2001, it is 
determined whether the instruction cache 12 is 
activated (ON) in accordance with the cache ON 

so and OFF signal Ss. As a result, when the instruc- 
tion cache 12 is deactivated (OFF), the control 
proceeds to step 904 which carries out a usual 
trace. Conversely, when the instruction cache 12 is 
activated (ON), the control proceeds to step 901 

55 and therefore, the same operation as in Rg. 11 is 
carried out. 

In Rg. 21, which illustrates a fourth embodi- 
ment of the microprocessor according to the 
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present invention, a status encoder 17* is added to 
the elements of Fig. 15. The status encoder 17" is 
used for supplying the detection signal Si, the 
branch establishment/non-establishment signal S2 
and the cache ON and OFF signal S3 to the status 
signal line ST. As a result, if a tracer is constructed 
for the microprocessor 1 of Fig. 15, no special 
connections are required between the microproces- 
sor 1 and the tracer 3. Therefore, a trace system 
can be constructed by the similar configuration as 
illustrated in Rg. 2. 

The status encoder 17 1 can be constructed by 
a logic gate circuit to generate five bits ST4, ST3, 
ST2, ST1 and STO as shown in Rg. 22. Also, the 
trace analyser 31 can be constructed by a circuit 
as illustrated in Fig. 23. That is, in Fig. 23, the 
status decoder 313* decodes the five status bits 
ST4, ST3, ST2, ST1 and STO to generate decoded 
signals and transmits them to the trace control unit 
311, the flow analysis unit 312, and the latch circuit 
314. In this case, the combination of the trace 
control unit 311 and the flow analysis unit 312 of 
Rg. 23 operates in the same way as those of Rg. 
16, i.e., as shown in Rgs. 19 and 20. 

Although a dynamic branch instruction exem- 
plifies a register indirect branch instruction in the 
above-mentioned embodiments, the present inven- 
tion can be applied to an exception processing 
program executed by an exception handling rou- 
tine. 

Further, in Rgs. 9, 11, 19 and 20, a trace of a 
first address of a block is executed, however, other 
representative notations for a block, such as a 
number of a block can be traced, since such a 



er or not said branch is established. 

2. A microcomputer as set forth in claim 1, 
wherein said informing means use external sta- 
5 tus signal terminals of said microprocessor. 

3- A microprocessor as set forth in claim 1, fur- 
ther comprising: 

means for determining whether or not said 
70 branch instruction is a dynamic branch instruc- 

tion where a branched destination cannot be 
statically determined in advance; 

means for generating an interrupt when 
said dynamic branch instruction is detected; 
75 and 

means for carrying out a trace trap pro- 
cess for calculating and outputting said 
branched destination to the exterior, when said 
interrupt is generated. 

20 

4. A microprocessor as forth in claim 1, further 
comprising: 

means for determining whether said in- 
struction cache is activated or deactivated; and 
25 means for informing to the exterior wheth- 

er said instruction cache is activated or deacti- 
vated. 

5. A microprocessor as set forth in claim 4, 
30 wherein said informing means use external sta- 
tus signal terminals of said microprocessor. 

6- A microprocessor comprising: 

an execution unit (13) for generating an 
instruction address; 

an instruction cache (12), connected to 
said excution unit, for receiving the instruction 
address to generate an instruction code cor- 
responding to the instruction address when the 
instruction address is registered in said in- 
struction cache and to generate a replacement 
fetch request to the exterior when the instruc- 
tion address is not registered in said instruc- 
tion cache; 

an instruction decoder (11), connected to 
said instruction cache and said execution unit, 
for decoding the instruction code from said 
instruction cache to generate control signals 
including a branch instruction and transmit 
them to said execution unit; 

means, connected to said instruction de- 
coder, for outputting the generation of the 
branch instruction to the exterior; and 

means, connected to said execution unit, 
for outputting the establishment of a branch to 
the exterior when said execution unit carries 
out the branch instruction to establish the 
branch. 



number also helps to analysis the flow of instruc- 35 
tions. 

As explained hereinbefore, according to the 
present invention, since information regarding 
whether or not a branch instruction is executed and 
information regarding whether or not a branch is 40 
established are output to the exterior of a micropro- 
cessor incorporating an instruction cache, even 
when the instruction cache is hit, a trace of instruc- 
tions can be carried out by using such information, 
thus enabling an efficient debugging. 45 

Claims 

1. A microprocessor incorporating an instruction 

cache (12), comprising: so 

means for detecting a branch instruction to 
be executed; 

means for informing to the exterior wheth- 
er or not said branch instruction is detected; 

means for determining whether or not a 55 
branch is established by executing said branch 
instruction; and 

means for informing to the exterior wheth- 
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7. A microprocessor as set forth in claim 6, fur- 
ther comprising a bus control unit (14), con- 
nected to said execution unit and to said in- 
struction cache, for outputting a status signal 
indicating the state of said microprocessor to 
the exterior, said outputting means using status 
signal terminals of said microprocessor. 

8. A microprocessor as set forth in claim 6, fur- 
ther comprising means for generating an inter- 
rupt when the branch instruction is a dynamic 
branch instruction where a branched destina- 
tion cannot be statically determined in ad- 
vance, 

said execution unit comprising means for 
receiving the interrupt to carry out a trace trap 
process for outputting the branched destination 
to the exterior. 

9. A microprocessor as set forth in claim 7, fur- 
ther comprising a cache control register (18), 
connected to said execution unit and to said 
instruction cache, for actrvating/deactivating 
said instruction cache and outputting an cache 
ON and OFF signal to the exterior in accor- 
dance with the activation and deactivation of 
said instruction cache. 

10. A trace system for a microprocessor (1) incor- 
porating an instruction cache (13), said micro- 
processor outputting therefrom a detection sig- 
nal (Si) for indicating whether or not a branch 
instruction to be executed is detected, a 
branch establishment/non-establishment signal 
(S2) for indicating whether or not a branch is 
established when the branch instruction is ex- 
ecuted, and an access signal associated with 
an instruction address for requesting an access 
to an external memory (2), said system com- 
prising: 

means for receiving the detection signal to 
determine whether or not a branch instruction 
is executed; 

means for receiving the branch 
establishment/non-establishment signal to de- 
termine whether or not a branch is established; 

means for receiving the access signal to 
determine whether or not an access is per- 
formed upon said external memory; 

means for performing a trace upon the 
output instruction address, when a branch in- 
struction is executed and an access is per- 
formed upon said external memory; 

means for performing a trace upon a next 
block, when a branch instruction is executed, a 
branch is not established, and an access is not 
performed upon said external memory; and 

means for performing a trace upon a 



branched block, when a branch instruction is 
executed, a branch is established, and an ac- 
cess is not performed upon said external 
memory. 

5 

11. A trace system for a microprocessor (1) incor- 
porating an instruction cache (13), said micro- 
processor outputting therefrom a detection sig- 
nal (Si ) for indicating whether or not a branch 

70 instruction to be executed is detected, a 

branch establishment/non-establishment signal 
for indicating whether or not a branch is estab- 
lished when the branch instruction is executed, 
and an access signal associated with an in- 

75 struction address for requesting an access to 

an external memory (2), said microprocessor 
carrying out a trace trap process for outputting 
a branched destination address to the exterior 
when the branch instruction is a dynamic 

20 branch instruction where the branched destina- 

tion cannot be statically determined, said sys- 
tem comprising: 

means for receiving the detection signal to 
determine whether or not a branch instruction 

25 is executed; 

means for receiving the branch 
establishment/non-establishment signal to de- 
termine whether or not a branch is established; 
means for receiving the access signal to 

30 determine whether or not an access is per- 

formed upon said external memory; 

means for performing a trace upon the 
output instruction address, when a branch in- 
struction is executed and an access is per- 

35 formed upon said external memory; 

means for performing a trace upon a next 
block, when a branch instruction is executed, a 
branch is not established, and an access is not 
performed upon said external memory; 

40 means for performing a trace upon a 

branched block, when a branch instruction is 
executed, a branch is established, an access is 
not performed upon said external memory, and 
a trace trap process is not carried out; and 

45 means for performing a trace upon the 

output branched destination address by the 
trace trap process, when a branch instruction 
is executed, a branch is established, an access 
is not performed upon said external memory, 

50 and a trace trap process is carried out. 

12. A trace system for a microprocessor (1) incor- 
porating an instruction cache (13), said micro- 
processor outputting therefrom a detection sig- 

55 nal (Si ) for indicating whether or not a branch 

instruction to be executed is detected, a 
branch establishment/non-establishment signal 
(S2) for indicating whether or not a branch is 
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established when the branch instruction is ex- 
ecuted, an access signal associated with an 
instruction address for requesting an access to 
an external memory (2), and a cache ON and 
OFF signal (S3) for activating and deactivating 5 
said instruction cache, said system comprising: 
means for receiving the detection signal to 
determine whether or not a branch instruction 
is executed; 

means for receiving the branch 10 
establishment/non-establishment signal to de- 
termine whether or not a branch is established; 

means for receiving the access signal to 
determine whether or not an access is per- 
formed upon said external memory; 15 

means for receiving the cache ON and 
OFF signal to determine whether said instruc- 
tion cache is activated or deactivated; 

means for performing a trace upon the 
output instruction address, when said instruc- 20 
tion cache is deactivated, or when a branch 
instruction is executed and an access is per- 
formed upon said external memory; 

means for performing a trace upon a next 
block, when said instruction cache is activated, 25 
a branch instruction is executed, a branch is 
not established, and an access is not per- 
formed upon said external memory; and 

means for performing a trace upon a 
branched block, when said instruction cache is 30 
activated, a branch instruction is executed, a 
branch is established, and an access is not 
performed upon said external memory. 

13. A trace system for a microprocessor (1) incor- 35 
porating an instruction cache (13), said micro- 
processor outputting therefrom a detection sig- 
nal (Si ) for indicating whether or not a branch 
instruction to be executed is detected, a 
branch establishment/non-establishment signal 40 
($2) for indicating whether or not a branch is 
established, when the branch instruction is ex- 
ecuted, and an access signal associated with 
an instruction address for requesting an access 
to an external memory (2), and a cache ON 45 
and OFF signal (S3) for activating and deacti- 
vating said instruction cache, said micropro- 
cessor carrying out a trace trap process for 
outputting a branched destination address to 
the exterior when the branch instruction is a 50 
dynamic branch instruction where the 
branched destination cannot be statically de- 
termined, said system comprising: 

means for receiving the detection signal to 
determine whether or not a branch instruction 55 
is executed; 

means for receiving the branch 
establishment/non-establishment signal to de- 



termine whether or not a branch is established; 

means for receiving the access signal to 
determine whether or not an access is per- 
formed upon said external memory; 

means for receiving the cache ON and 
OFF signal to determine whether said instruc- 
tion cache is activated or deactivated; 

means for performing a trace upon the 
output instruction address, when said instruc- 
tion cache is deactivated, or when a branch 
instruction is executed and an access is per- 
formed upon said external memory; 

means for performing a trace upon a next 
block, when said instruction cache is activated, 
a branch instruction is executed, a branch is 
not established and an access is not per- 
formed upon said external memory; and 

means for performing a trace upon a 
branched block, when said instruction cache is 
activated, a branch instruction is executed, a 
branch is established an access is not per- 
formed upon said external memory, and a 
trace trap process is not carried out; 

means for performing a trace upon the 
output branched destination address by the 
trace trap process, when said instruction cache 
is activated, a branch instruction is executed, a 
branch is established, an access is not per- 
formed upon said external memory, and a 
trace trap process is carried out. 
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